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The Earth-'s carbon cycle involves crustal reservoirs that 
include* atmospheric CDs* oceanic inorganic and organic 
carbon, carbon in sedimentary organic matter such as that in 
shales, sedimentary carbonate, and igneous rocks. There also 
seems to be a relatively low but nontrivial rate of exchange 
between the carbon reservoir in the Earth's mantle and crustal 
carbon . 

Certain processes movinq carbon between these reservoirs are 
isotopically selective, Photosynthetie carbon -fixation produce's 
organic matter which can be between 0.3 and 3 percent depleted in 
* 3 C relative to sources of inorganic carbon iDoq&ns. 1 
Deines, 1980). This preference for *^C is principally due 
to cataivsis in the first step of car* bon dioxide fixation Uv.q., 
the Calvin cycle enzyme ribulose bi spf icsphate car bu>: y 1 asu? Estep, 
1973). The amount of fractionation is often attenuated bv 
processes which transport inorganic carbon tu cellular cv topi asm 
K e . g . , 0 ’ Lear* y , 1 98 1 / . T he r sp i r a 1 1 on of or q an i c o ar b on i s a 1 so 

associated with a discrimination against t '*C m [he carbon 
dioxide produced is typically depleted between 0 and 1.2 percent 
in l **C relative to the organic carbon source (he Niro, 

1977; Kaplan and Rittenberq, 196 A '. 

The organic carbon buried in Atidiment-., ujii be.' i so lopi ;_ai 1 , 
fractionated by su 1 fate r educ 1 1 on f uc h c , l v / c > . Wor f. i n oar 
1 ab or at or y h a s si i own t h at even f or me n t * 1 1 or i can produce s i- i I- i n a 
di scr i mi na t l on against the 1 3 L isotope. 

More deeply buried organic carbon becomes pruqr essi vei v more 
reduced by thermal decomposition. If thus carbon is heated to 
several hundred degrees Celsius, it can be converted to graphite. 
The 1 3 C cent fci it of this residual organic dial ler change*-, 
vt?r y little until its el emen t a 1 c ar bon to hy dr oq en r a 1 1 e r a 1 Is 
below 0.2 iSchopf, 1933) . below 0.2 the? reiadual car bun became*- 
more 13 C*enr idled. because the 1 value uf 

sedimentar v car* bon is so well preserved, we t\r e assured that Mio 
l3 C values in the butter preserved sedimentary coeds as eld 
as 7 . 5 billion vears ref lec t. a n c i en t m i c r ob i a 1 p r ql esse s • 

Carbon issuing tram the midocean ridges i s about O.b per cent 
depleted m 13 C relative tu marine carbonates, arid about 2 
percent enriched in 13 C reiati\e to -ed i men tut v organic 
carbon (Des Marais and Moore, 1984; . This midocean ridao carbon 
reprogents the largest single carbon flu,; from the mantle, and it - 
isotopic composition is the samts as the .r/eraoe of a] i. the cruet « l 
reservoir's. Tne cr ust/muntle exchange of t.tii bun wuo more iu'rnnc 
during the early Precambrian Eon arid, ver\ IjkdIv. th;* crust hutJ o 
larger Cctrban inventory then than now (see Dec Marais’ ur t i c 1 o in 
Sundquist and BroeUer, i984y. 
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Carbon isotope -fractionation values have been used to 
understand the history of the biosphere. For example, plankton 
analyses confirmed that marine extinctions at the end of the 
Cretaceous period were indeed severe <see Hsu's article in 
Sundquist and Broeker, 1984). Variations in the isotopic 
compositions of carbonates and evaporitic sulfates during the 
Paleozoic might reflect the relative abundances of euxinic 
(anoxic) marine environments and organic deposits from terrestrial 
flora (Berner and Rai swell, 1983). The carbon isotopic 
composition of Precambrian sediments suggest that the enzyme 
ribulose bisphosphate carboxylase has existed for perhaps 3.5 
billion years (Schopf, 1983). Future work in our laboratory seeks 
to elucidate the relationship between the carbon isotopic 
composition of stromatolites, atmoepher ic C0 2 , and oxygen 
inventories. 
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Figure 1-3. Metabolic carbon isotope values for classes of 

biological cospounds as determined by mass spectrometry. 
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Figurs 1-4. Carbon isotop* fractionation valium in liv* 
organisms and ssdinsnts. The A3 c values, are a 
function of temperature in live marine organisms, 
and these values are altered by temperature alteration 
in sediments. 
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Figure 1-5. Carbon isotopic fractionation ranges -for extant 

carbon samples from terrestrial sources. Delta t:, C scale at 
le t, bones represent maior reservoirs, arrows epresent major 
processes that transport and convert the carbon between the 

reser voi r s. 
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figure 1-6. Reconstruction of the extent of dwpotitional 

environments based on carbon and sulfur isotope fractionation 
measurements from ancient sedimentary rocks. 

A. Major extant environments where sulfur and carbon 
compounds are sedimented indicating the relative 
distribution now. 

B. Environmental r econstruct i on of the Cambrian Period 
bcssed on interpretations of carbon and sulfur isotope 
data . 

C. Environmental reconstruction of the Permian Period 
based on interpretations of carbon and sulfur isotope 
data. 
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